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coNDTirnNn pot yMpp pfj ,^c^ 
The prcsttt ^plication relates to conducting polymer fiiwi^ in particular for use 
with sensor airays, and to an improved method of allowing such polymers to 
bridge the gap between two electrodes making up a sensor. 

Sensors comprising a substrate and an electrochemically deposited polymer region 
are known in the art lliesignah from such s^ors can be used lodiscriniiriate, 
for example between dilSaeni types of beverage (such as coffee and beer) and 
foodstuffs and identify malodours and taints. Each sensor is made by producing a 
pattern of electrodes on an insulating substrate* for example by physically 
evapoiaiing 99.99% pure gold onto a silicon substrate and etching an electrode 
pattern by conventional ultra*violet lithography. 

The polymer may be put onto the electrode by dipping the tile into a bath of 
electrolyte, polymer and solvent, and applying a potential between the gold layer 
and a reference electrode in a three electrode configuration or between the gold 
layer and a counter electrode in a two electrode configuration, resulting in polymer 
deposition to form a sensor. Alternatively, die polymer may be deposited using the 
hanging drop deposition technique disclosed in the applicant's co-pending 
International pausnt application no. PCr/CB9S/00090 which is incorporated herein 
by reference. Electrochemical material deposited by such a technique may also be 
used for friction reduction and other uses described in the reference. 
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Several different conduciing polymers are known in the art. For example, the use 
of poly(aniline) films grown with sulphate counteiions is known but these fihns 
were found to be inherently unstable. Thuji the base-line resistance gradually 
increased with lime at a significant rate of 1-10% per week. Also, the films were 
found to be very sensitive to humidity and temperature flucmaiions. Odour sensors 
using such films thus did not produce responses which could be reliably interpreted 
and the practical use of the films was dms limited. The inventors have however 
unexpectedly found that the use of organosulphouates as counterions to polymers 
such as poly(aniline) or poly(pyrrole) produce conducting polymers with improved 
properties over polymers of the prior art, in pardcular providing stable base line 
resistance and low sensitivity to humidity and temperature fluctuations. 

Conventionally the gap betwem electrodes has to be limited to around 5-25 
microns to ensure that that sufficient conducting polymer is deposited to bridge the 
gap. In a second aspect of the invention the inventors have identified a method of 
growing thin films of polymer along a substrate, which allows gaps between die 
electrodes of about 40-100 microns to be used, resulting in greater electrode 
sensitivity. This technique is based upon the treatment of glass substrates with n- 
aUQTlsilane discu.«u;ed by Nishizawa M £t al (J. ElectrochcnLSoc., Vol. 140, No. 6, 
(1993), pages 1650-1655). This technique was used lo produce an enzymatic 
sensor operating in solution. It will be appreciated that the known use of the 
technique is quite different from its use in ftiction reduction layers and gas sensors. 
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Viewed from a fiist aspect, the invention provides a conducting polymer film 
comprising a polymer and an organosulphonate and/or an organophosphonate 
5 counterion- The polymer preferably is poly(aniline) or poly(pyiTole). The 
counterion may be represented by the general formula: 

Where: 

R = a to C,o straight; branched cyclic or polycyclic, aUcyl or ketoalkyl 
^ 0 group, or an organomeiallic group. 

Xs-SO^-or-PO,^- 

Preferably R a to C,o straight chain alkyl. an isomer of camphor or copper II 
15 phtfaalocyanine. 

Most preferred combinations of polymer and counterion arc: 

Poly(anilinc) with buianesulphonate. pentanesulphonate. hexanesulphonate, 
20 heptanesuiphonaic, octanesuiphonate^ nonanesulphonate, decancsulphonate, (IR)- 
(-)-lO-camphorsulphonate, (lS)-(+)-10- camphorsulphonate, or (±)-10- 
camphorsuiphonate counterion^. 
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Foly(pyrToie) such as poly(N-methylpyrroie) with mcthancphosphonatc, 
ethanephosphonate, butancphosphonate, decanephosplionate. (lR)-{-)-10 
camphorsulphonate, {1SH+>10- camphorsulphoaate, or (±).10. 
camphorsulphonate or copper (EL) phthalocyaninctetrasuiphonate countcrions. 

5 

The polymers may be deposited onto gold, platinum, carbon, tin dioxide, copper or 
doped silicon electrodes. 

The conductive polymer films of the invendon may be used in s(msing devices or 
1 0 for friction reduction. 

The invention also provides a method of deposidon of a conducting polymer film 
according to the first aspect of the invention. 

15 

The deposition of polymer films such as poly (aniline) films, with counterions. 
such as allcane sulphonate, can be improved by deponidon above room 
temperature, preferably above 30^C, above 40*^C, above SO^C or most preferably 
between SO^C** and 60*C, especially 50^C lo 55^C Reproducible thin fihns have 
2 0 been found by the inventors to be producible by growing across at a fixed potential 
of +0.9 V vs. SCE (Standard Colonel Electrode). The thickness of the films may 
be varied by changing the growth time at. for example, 0.9 V. 
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Preferably, the films arc subsequently heat treated at a higher temperature, at for 
example about SOX. for, for example. 24 hours in air. This leads to an increase in 
the film resistance and can be used ro stabilise the response of the sensor. 

There are a number of advantages deriving from the invention. Regarding the 
poly(aniline) fihns, these films have excellent friciional properties. In the sensing 
field, they have a higher resistance per square metre which makes it easier to 
interface diem with an elecoronic circuit as die effects of lead resistance and Joule 
headttg are reduced. The stability of the polymers is very good widi little ob.served 
base-line resistance drift. In this respect they are significantly superior to the prior 
poly(aniline) sulphate film. At the same time they are highly sensitive and 
therefore can sense accurately. They also have a thermal sensitivity which is much 
lower than the prior poly(amline) .^Iphate fihns so that fluctuations in the ambient 
temperature are less critical. The poly{pyrrolc) films arc anew group of materials 
for application in gas/vapour sensing and have different patterns of response from 
known sensors making them extremely usefiil for use in a multi-sensor airay for 
detailed analysis. The poly(pyirolc) films have excellent fricdonal properties. 

Viewed from a second aspect the invention provides a method of 
electrochemically producing a thin conducdve polymer film on a substrate 
comprising silanizing die substrate. The substrate is preferably silicon, and the 
iilanizing compound is preferably one or more silanes such as n-alkylsilanes, for 
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example octyltrichlorosilane. The conductive polymer 
deposited by this method may be a polymer according to the 
first aspect of the invention. 

Embodiments of the invention will now be described by way 
of example and with reference to Tables 1 and 2 and Figs. 1 
to 5. Fig. 3 is a plan view of a polymer film sensor of 
the invention. Table 1 summarises resistance data for 
polypyrrole films grown with different alkane phosphonate 
by potential step to a fixed growth potential (Eg). Table 
2 summarises the values for certain parameters. Fig. 1 is 
a graph of resistance in air against polymer chain length; 
Fig. 2 is a graph of activation energy against chain 
length; Fig. 4 is a graph of friction co-efficient for 
poly(pyrrole) with different counterions; and. Fig. 5 is a 
graph of wear rate against friction co-efficient. 

POLYMER PRODOCTION 
Deposition 

All polymer depositions were carried out using a 
conventional three electrode system comprising the 
substrate structure as a working electrode with a saturated 
calomel (SCE) reference electrode and a large area platinum 
gauze counter electrode. Each substrate was made from a 
silicon wafer. A lum layer of silicon dioxide was grown on 
the silicon wafer. A 10nm layer of titanium was then 
deposited followed by a 250nm layer of gold. Using ultra 
violet lithography the required electrode pattern was 
produced to result in the geometry shown in Fig. 3, 
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TABLE"! 



Parameter 


Units 


Mininmm 


Topical 


Maxinmni 


Note: 


Resistance ID aii^ 


Q 


10 


100 


10k 


R]rlO|imgq>' 


Resistivity in air 


QD 


Ik 


10 k 


IM 


Thin film 


Resistance in odonr*'' 


% 


±0.1 


±1 


±10 


Relative to air 


(Kunic 


% 




<2 




±1 V dx. reftnoce 


EMelectiic constant 






8 




dx.tolOOk& 


Temp, coefficient of 
rcsistanoe 


rc 


0 


-5 


•16 


Measured over nmge of 
OtolOO<Y: 


Activation energy 


meV 


0 


SO 


180 


Measiaed over range of 
OtolOOt: 


C^wrsoing temp. 


•c 


20 


35 


45 


Annealed at 80^ for 
48b 


Pin layout 










2pia|diig 


Design of element 










Silicim planar 


Him thickness 




2 


10 


20 


Approximate 


Rise time constant 


s 




10 




Odour-related 


Decay time constant 


s 




10 




Odour-related 


Tbennal conductivity* 


W/mAC 


0.7 


1 


1.8 


Over7to6rC 


Heat capacity' 


JfgfK 


0.8 


1.1 


1.5 


Over 7 to 



SUBSinilTE SHEET tRULF " ) 



wo 97/04464 



PCT/GB96/01724 



7 

which <:hows a gold, U-shaped layer 10 on the wafer 12. A substantially square 
deposition of polymer film 14 is shown centrally of the bridge 16 between the two 
aims 18 of die U-shape while electrode contact pads 20 are provided one at each 
free end of die arms 18. The pofymcr film square 14 may have dimensions a,b of 
10 to lOOOftm square with an electrode c across which the polymer is grown of 
0.1 to lOOOMin. The electrode contact pads may be 50 to 250^m square d. The 
gold electrode structures were cleaned directly before deposition of the polymer 
films by cycling the potential between -0.30 and +1.80 V in 2 moLdm'^ sulphuric 
acid at lOQmVs"'. The dqwsited polymer films were baked for 48 hours at 80" C in 
clean air after deposition to improve stability. 

Poly(amHne) with butanesulphemate counterion. Films were grown fiom a 
solution containing 0.20 cm^ of aniline (0.4 mol dm^^) (Aldrich 99.5+%, purified 
by passing down a column of activated alumina) and O.Scm' 
of concentrated su^ohnzic acid (Fisons 98%) in 5 cm' of a 0.5 mol dm*' aqueous 
solution of sodium butanesulphonate (Fisons HPLC grade). The pH of the 
resulting solution, prior to polymer deposition, was ^pmximately zero. Polymer 
films were deposited at room temperature under potentiostatic control by stepping 
the potoitial from 0.0 to +0.90 V vs. SCE for 10 s to nucleate the polymer and 
encourage even film growth, followed by stepping the potential to +0.78 V and 
holding for 1 1 0 s. After deposition the coated devices were dioroughly washed 
with reagent grade water and allowed to dry. The deposited polymer films were 
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baked for 4g hours at 80»C in clean air afrer deposition to improve stabiUty. 
Resistances were 6.0 ± 1.8 ohms (0=6). 

Poly(aniline) with pcntanesulphonaie counterion. Films were grown from a 
solution comaining 0.20 cm^ of aniline (0.4 mol dm-) (Aldiich 99.5+%, purified 
by passing down a column of activated alumina) and 0.5cm* 
of concentrated sulphuric acid (Fisons 98%) in 5 cm' of a 0.5 mol dm ' aqueous 
solution of sodium pentanesulphonate (Fisons HPLC grade). The pH of the 
resulting solution, prior to polymer deposition, was approximately zero. Polymer 
fUms were deposited ai room temperature under potentiostatic control by stepping 
the potential from 0.0 to +0.90 V vs. SCE for 10 s to nucleate the polymer and 
encourage even film growth, foUowed by stepping the potential to +0.78 V and 
holding for 110 s. After deposition the coaled devices were thoroughly washed 
with reagent grade water and allowed to dry. The deposited polymer films were 
baked for 48 hours at 80'C in clean air after deposition to improve stability. 
Resistances were 4.8 a: 0.6 ohms (n=3). 

Pot^aniline) with hexcnesulphonate counterion. Films were grown from a 
soludon containing 0.20 cm* of anUine (0.4 mol dm'^) (Aldiich 99 J+%, purified 
by passing down a column of activated alumina) and 0.5cm^ 
nf concentrated sulphuric acid (Fisons 98%) in 5 cm^ of a 0.5 mol dm * aqueous 
solution of sodium bcxanesulphonau; (Fisons HPLC grade). The pH of the 
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resulting solution, prior to polymer deposition, was approximately zero. Polymer 
films were deposited at room lemperamre under potentiostatic control by stepping 
the potential from 0.0 to +0.90 V vs. SCE for 10 s to nucleate the polymer and 
encourage even film growth, followed by stepping die potential to +0.78 V and 
holding for 1 ID s. After deposition the coated devices were thoroughly washed 
with reagent grade water and aUowed to dry. The deposited polymer films were 
baked for 48 hours at 80'C in clean air alter deposidoa to improve stability. 
Resistances were 3.8 ± 0.1 ohms (ns3). 



Poly(aniline) with heptanesutphoiwte counxerion. Fihns were grown from a 
solution containing 0.20 cm^ of aniline (0.4 mol dm"') (Aldrich 99 J+%, purified 
by passing down a column of activated alumina) and 0 Jem' 
of concentrated sulphuric acid (Hsons 98^) in 5 cm^ of a 0.5 mol dm ' aqueous 
soludon of sodium heptanesulphonate (Hsons IIPLC grade). The pH of the 
resuldng soludon, prior to polymer deposition, was approximately zero. Polymer 
films were deposited at room temperanire under potentiostatic control by stepping 
the potential from 0.0 to +0.90 V vs. SCE for 10 s to nucleate the polymer and 
encourage even film growth, followed by stepping the potential to +0.78 V and 
holding for 1 10 s. After deposition the coated devices were thoroughly washed 
with reagent grade water and allowed to dry. The deposited polymer films were 
baked for 48 hours at 80''C in clean air after deposidon to improve stablUty. 
Resisutnces were 4.1 d: 0.1 ohms (ns=3). 
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Poly(anilme) with octanesulphonae counterion. Films were grown from a 
soluUon comaining 0.20 cm^ of aniline (0.4 mol drn'^) (Aldrich 99.5+%, purified 
by passing down a column of activated alumina) and 0.5cm^ 
of conccnoraied sulphuric acid (Fisons 98%) in 5 cm^ of a 0.5 mol dm ^ aqueous 
solution of sodium octanesulphonate (Fisons HPLC grade). The pH of ihe 
resulting solution, prior to polymer deposition, was approximately r^ro. Polymer 
films were deposited at room lemperamre under potentiostanc control by stepping 
the potential from 0.0 to 40.90 V vs. SCE for 10 s to nucleate the polymer and 
encourage even fihn growth, followed by stepping the potential to +0.78 V and 
holding for 1 10 s. After deposition the coated devices were thoroughly washed 
with reagent grade water and allowed to dry. The deposited polymer fihns were 
baked for 48 hours at 80'C in clean air after deposition to improve stabiUty. 
Resistances were 3.8 ± 0.4 ohms (n=5). 

Pofy(amline) with nonanesulphoruue counterion. Films were grown from a 
solution containing 0.20 cm' of aniline (0.4 mol dm"*) (Aldrich 99.5+%, purified 
by pa.ssing down a column of activated alumiaa) and 0.5cm^ 
of concentrated sulphuric acid (Fisons 98%) in 5 cm' of a 0 J mol dm"^ aqueous 
solution of sodium nonanesulphonale (Fisons HPLC grade). The pH of the 
resulting solution, prior to polymer deposition, was approximately zero. Polymer 
fihns were deposited at 40*C under poientiostatii control tn' stepping the potential 
from 0.0 to +0.90 V vs. SCE for 10 s to nudeatf o-av^c ar d encourage even 



wo 97/04464 



PCT/GB96/0I724 



11 



film growth, foUowed by stepping the potential to -K).78 V and holding for 1 10 s. 
After deposition the coated devices were thoroughly washed with reagent grade 
water and allowed to dry. TTie deposited polymer films were baked for 48 hours ai 
80'C in dean air after deposition to improve stabiHty. Resistances were 3.6 ± 0.5 
5 ohms (n=10). 

Foly(anilme) Mnth decanesulphonate counterion. Rhns were grown ftom a 
solution containing 0.20 cm^ of aniline (0.4 mol dm'^) (Aldiich 99.5+%, purified 
by passing down a column of activated ahmuna) and 0.5cm^ 

10 of concentrated solphuiic acid (Fisons 98%) in 5 cm' of a 0.5 mol dm » aqueous 
solution of sodium decanesulphonate (Rsons HPLC grade). The pH of die 
resulting sotation, prior to polymer deposition, was approximately zero. Polymer 
films were deposited at 40'C under potcnriostatic conirol by stepping the potential 
fixmi 0.0 to +0.90 V vs. SCE for 10 s to nucleate tiie polymer and encourage even 

15 film growth, foUowed by stepping die potential to +0.78 V and holding for 1 10 s. 
After deposition the coated devices were thoroughly washed with reagent grade 
water and allowed to dry. The deposited polymer films were baked for 48 hours at 
80'C in clean air after deposition to improve stability. Resistances were 3.3 ± 0.1 
ohms (n=3). 



20 



Poly(anmne) with (IRH-HO-camphonulphonau or (JS)-(+).IO- 
camphorsulphonate coun, .-inn. Films were grown from a solution containing 0.20 
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cm^ of aniline (0.4 mol dm ^) (Aldrich 99.5+%. purified by passing down a column 
of activated alumina) in 5 cm' of a 1 .0 mol dm"^ aqueous solution of ( lR).(.)-io. 
camphorsulphonic arid (Aldrich 98%) or (lS)K-h).10-campliorsulpiiomc acid 
(Aldrich 99%). Tlie pH of the resulting solution, prior to polymer deposition, was 
approximately 0.25. Polymer films were deposited at room temperature under 
potentiostatic control by stepping the potential fiom 0.0 to +0.90 V vs. SCE for 
120 s. After deposition the coated devices were thoroughly washed with reagent 
grade water and allowed to dry. n»e deposited polymer fihns were baked for 48 
hours at 80»C in clean air after deposition to improve stabiUty. Resistances were 
8.5 ± 2.0 ohms (ii=5) and 1 1.3 ± 2.1 ohnu; (n=4) respectively. 

Poly(aniline) with (±)-10-camphorsulphvnate coumerion. 
Films were grown from a solution containing 0.20 cm' of aniline (0.4 mol dm"^) 
(Aldrich 99.5+%, purified by passing down a column of acdvatcd alumina) in 5 
cm^ of a 1.0 mol dm-* aqueous soludon of (±>-10-camphorsulphomc acid (Aldrich 
98, 99%). The pH of the resulting solution, prior to polymer deposition, was 
approximately 0.25. Polymer films were deposited at room tcmpcramre under 
potentiostadc control by stepping the potential ftom 0.0 to +0.90 V vs. SCE for 
120 s. After deposition the coated devices were thoroughly washed wiih reagent 
grade water and allowed to dry. The deposited polymer fihns were baked for 48 
hours at 80°C in clean air after deposition to improve stability. Resistances were 
13.9 * 7.2 ohms (n=7). 
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Pofy(pyrrole) with (IRH-yiO-camphorsulphonate or (1SH+ )-10- 
camphorsulphonate counterion. Films were grown from a solution coniaiiang 0.1 
mol dm'^ pyrrole (Aldrich 99.5+%, purified by passing down a column of activaied 
alumina) 1.0 mol dm** (lR)-(-)-10-campliorsulphonic acid (Aldiich 98%) or (IS)- 
(+)-lO-camphorsulphonic add (Aldrich 99%). Polymer films were deposited at 
room temperature under potendostatic control by stepping the potential from 0.0 to 
+0.75 V vs. SCE for 120 s. After deposidon the coated devices were thoroughly 
washed with reagent grade water and allowed to dry. The deposited polymer films 
were baked for 48 hours at SO'^C in clean CdT after deposinon to improve si^biliiy. 
Resistances wore 13.6 ± 4,1 ohms (n=5) and 9.6 ± 2.6 ohms (n=6) respectively. 

Poly(pyrrole) with (±)-JO'Camphorsulphonate counterion. FUms were grown from 
a solution containing 0.1 mol dm"^ pynole (Aldiich 99.5+%, purified by passing 
down a column of activaied alumina) 1.0 mol dm"^ (±)-10-camphorsulphonic acid 
(Aldrich 98, 99%). Polymer films were deposited at room temperature under 
potcntiostatic control by stepping ihe potential from 0.0 to +0.75 V vs. SCE for 
120 s. After deposition the coated device.^ were thoroughly washed with reagent 
grade water and allowed to dry. The deposited polymer films were baked for 48 
hours at 80 ""C in clean air after deposition lo improve stability. Resistances were 
13.7 ± 1.8 Ohms (n=5). 

ole} with copper (II) phthalocyanineietrasulphonare counterion. Films 
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were grown from a solution containing 0.1 mol dm** pyirole (Aldrich 99.5+%. 
purified by passing down a column of activated alunmia) 1.0 mol dm -' aqueous 
solution ot sodium copper (II) phthalocyaninetetrasulphonate (Aldrich). Polymer 
films were deposited at room temperamre undor poieniiostatic control by stepping 
5 llie potential from 0.0 to +0.80 V vs. SCE for 120 s. After deposition the coated 
devices were thoroughly washed with reagent grade water and allowed to dry. The 
d^ositcd polymer films were baked fur 48 hours at 80'C in clean air after 
deposition to improve stability. Resistances were 13.7 ± 1.8 ohms (n=5). 

10 Alkatif? PhfKphnnafft rnin^ifii^j^ 

PolypyiTOle films were also grown wi& a range of alkanephosphante counterions: 
Methane, ethane, butane and decane phosphonic acids arc commercially available, 
the other xxietabexs of &e preferred seties are noL Pentane and hexane phosphonic 
adds were synthesised by the Aibusov reaction (Kosolapoff, G. M., J. Amer. 

15 Chem. Soc., 66 (1944)109-1 11; Kosoli^ff, G. M., J. Amcr. Chem. Soc., 67 
(1945)1180-1 182) to give the corresponding ethyl esters followed by acid 
hydrolysis. Heptane, octane, nonane and uiulecane phoqthonic adds were 
syndiesised by the Michaels-Becker reaction (Ford-Moore, A.H., Howanh 
WUiams, J., J. Chem. Soc, (1947)1465-1467) to give the corresponding butyl 

2 0 esters followed by acid hydrolysis. 

Polyipyrrole) with methanephosphonate counterion. Films were grown from a 
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solution containing 0.1 mol dm'^ pyrrole (Aldrich 99.5+%, purified by passing 
down a column of acnvated alumina) 1 .0 mol dm-^ aqueous solution of 
meihanephosphonic acid (Lancaster Synthesis). Polymer films were deposited 
20"'C under potcntiostatic control by stepping the potential from 0.0 to +0.70 V 
5 SCE for 120 s. After deposition the coated devices were thoroughly washed with 
reagent grade water and aUowcd to dry. The deposired polymer films were baked 
for 48 hours at 80"C in clean air after deposition to improve stability. 

Polyipyrrole) with ethanephosphonate counttrion. Films were grOWn from a 
10 solution containing 0.1 mol dm*^ pynole (Aldrich 99.5+%, purified by passing 
down a column of activated alumina) 1.0 mol dm"^ aqueous solution of 
ethanephosphonic add (Lancaster Synthesis). Polymer films were deposited at 
20*C under poteniiosiaiic control by stepping the potential ftom 0.0 to +0.70 V vs. 
SCE for 120 After deposition die coaled devices were dioroughly washed wifli 
15 reagent grade water and allowed to dry. "Die deposited polymer filmg were baked 
for 48 hours at 80*C in clean air after deposition to improve stability. 

Polyipyrrole) with butanephosphonaie coumerion. Films were grown from a 
solution containing 0.1 mol dm*' pyirole (Aldrich 99.5+%, purified by passing 
2 0 down a column of activated alumina) 1 .0 mol dm*' aqucotis solution of 

butanephosphonic acid (Lancaster Synthesis). Polymer films were deposited at 
20'C under potentiostauc control by s enpiitj the potential from 0.0 to +0.80 V vs. 
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SCE for 360 s. After deposition the coated devices were thoroughly washed with 
nragcni grade water and aUowed to dry. H^^ deposited polymer films were baked 
for 48 hours at 80»C in clean air after deposition to improve stabiUiy. Resistances 
were 5.9 ± 2.9kohms (n=3). 

Polyipyrrole) with decanephosphonate coumerian. Films were grown from a 
solution containing 0.1 mol dm^^ pynole (Aldrich 99i;+%, purified by passing 
down a column of activated alumina) 1.0 mol dm"^ aqueous solution of 
decanephosphonic acid (Lancaster Synthesis). Polymer films were deposited at 
30*0 under poicnriosiaiic control by stepping die potential from 0.0 to +1.00 V vs. 
SCE for 240 a. After deposition the coated devices were dioroughly washed with 
reagent grade water and allowed to dry. The deposited polymer films were baked 
for 48 hours at 80'C in clean air after deposition to improve stability. Resistances 
were 1.3 ± 0.9kohm.<? (n=4). 

The experimenis using butane phosphonale and decanephosphonate were repeated 
using the same conditions but using pentane. hexane, heptane, octane, nonane and 
undecane phosphonic acids. In each case die concentration of the acid was either 
0.1 mol dm-^ or 0.05 mol dm\ Table I suinmaiises the resistance data for 
polypyrrole films grown with the different alkane phosphonate countcrions for a 
fixed growth potential (Eg). 
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The general results arc shown in the appended labie 2 and graphs. Tt is seen thai 
the polymers behave as heavily doped p-type semiconductors. The figures from 
the appended table for resistance in air illustrate that the base line resistance is 
sensitive to htraiidity. It is observed that the polymars* resistance in odour is 
5 dependent upon humidity and indeed the polymers can have a high sensitivity to 
water vapour. The graph of activation energy against chain length provides a 
measure of the temperature sensitiviiy of the polymers. The fticiion co-efScient 
and wear rate of the poly(pyrolle) polymer films is seen to be good. 

10 SILANEATION OF SIUCON SUBSTRATES 

Gas sensor substrates were baked at 180°C for 15 hours. The devices were then 
cleaned by immersing in dichloromcthanc (Rsons >99%) for 40 minutes followed 
by immersion in 2moLdm^ HjSO^/HNOj for 40 minutes. 

1 5 The devices were then washed with water and dried overnight at 60 '*C. 

To silanize the devices, they were immersed in 20-30mmor' solution of 
octyltrichlorosilane (Aldrich 97%) in hcxadccanc (Aldrich 99-^%) under Argon for 
4-24 hours. 

20 

The devices were washed with pure hexodccanc followed by dichloromethane and 
bake^-i at ! V D^'C for 1 .5 hours. The devices were then rinsed with ethanol followed 
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by water. 



A conducting polymer such as described in the preceding pages may then be grown 
on the substrate in the manner described in the ^plicanf s co-pending International 
patent application no. PCT/GB95/00090. Hie polymer grows directionaUy and 
hence a thinner sensor layer can be deposited between electrodes. In addition, the 
technique enables wider electrode gaps to be bridged than previously enabling the 
resistance of the device to be increased and hence its sensitivity without increasing 
the response time. In addition the ability to deposit films across wider gaps allows 
the design of more sophisUcated stnictores using arange of electrode spacings. A 
further benefit of this approach is Aat it aUows a wider range of polymers to be 
used including those which will not grow successfully across unmodified gaps of 
moderate size (5-20 micron) such as poly(N.me%lpyirole) grown with tosylatc 
counterions. 
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1 . A conducting polymer film comprising a polymer and an organosulphonaie 
and/or an organopbosphonate counterion. 



2. A conducting polsmier film according to claim 1, wherein the polymer is 
poly(aniline) or poly (pynrole). 

3. A conducting polymer film accortfcig to claims 1 or 2, wherein the 
counterion is represented by the fonnula: 

R(X). 

where: a to C,^ straight, branched cyclic or polycyclic^ 

alkyl or keioalkyl group or organometallic group 
X= -SOjOr-POj^- 

n= 1-4 



4. A conducting polymer film according to claim 3, wherein R is a C, to Cjo 
straight chain all^l, an isom^ of camphor or Copper H phthalocyanine. 

5. A conducting polymer film according to any previous clairn comprising 
poly(aniline) with butanesulpbonaie, penianesulphonate. hexanesulphonate. 
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hcptancsulphonaic, ocianesulphonate, nbnanwulphonate, decanesulphonatc, (IKy 
(•>10- campiiorsulphonate. or (±)-10- camphorsulphonatc countcrions. 

6. A conducting polymer film according to claims 1 to 4 comprising 
poly(pyrrolc) with methanephosphonaie, cthancphosphonaic, buianephosphonate, 
decanephosphonatc, (IRH-)-lO camphorsulphonatc, (lS)-(+)-10- 
camphorsulpbonaie. or (±)-10-camphorsulphonate or copper (II) 
phthalocyaninetetiasulphonate countcrions. 

7. A conducting polymer film according to claim 6, wherein the poly(pyiTole) 
is poly(N.mcthylpyixole). 

8. A conducting polymer film according to any previous claim deposited onto 
a gold, platinum, carbon, tin oxide, copper or doped silicon elecirode. 

9. A conducting polymer film according to any previous claim for use in a 
sensing device. 

10. A conducting polymer film according to any previous claim for use in 
friction reduction. 



1 L A method of producinr. i :ondir :Tg polymer film according to any 
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previous claim. 



12. A method according to claim 1 1, wherein ihe polymer film is deposited 
above room temperature. 

13. A method according to claim 12, wherein the polymer film is deposited at i 
temperature between 50*C and SS'^C 



14. A mediod according to claims 1 1 to 13 wherein the deposited film is heat 
treated ai a temperature which is higher than ±t deposition temperature. 

15 . A method of clccirochcmically producing a thin conductive polymer film on 
a substrate comprising the step of silanizing the substrate. 

16. A method according to claim 15» wherein the substrate is silicon. 

17. A method according to claims 15 or 16, wherein the agent used to silanize 
the substrate is an n-allgrlisane. 



20 



18. A method according to claims 15 to 17 wherein the thin conducdve polymer 
film is a thin conductive polymer according to claims 1 to 10. 
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